Objective: To report the use of a stent-retriever in the management of vasospasm secondary to craniopharyngioma resection. Postoperative improvement was seen both clinically and on perfusion imaging. Methods: A patient was admitted for resection of a large craniopharygioma. On day 6 postoperatively the patient had an acute hemiparesis. A computed tomography angiogram and perfusion scan demonstrated acute right-sided cerebral vasospasm and a perfusion defect in the territory of the middle cerebral artery (MCA). Results: A pREset 4 Â 20 mm stent-retriever was used to dilate the M1 and proximal M2 segments of the right MCA mechanically. This resulted in immediate dilatation of the spastic segment and improvement in the transit time on the angiogram. There was an improvement in the clinical status post-procedure and a computed tomography perfusion performed 24 hours after the procedure showed symmetrical perfusion. A computed tomography angiogram and magnetic resonance imaging performed 1 week later showed a symmetrical appearance to the MCA and no evidence of restricted diffusion. Conclusion: The use of commercially available stent-retrievers can cause mechanical dilatation of vasospastic vessels. The stents do not need to be deployed for a prolonged period nor do they need to be implanted to have a prolonged dilatory effect on the spastic vessels.
Introduction
Cerebral vasospasm is well known to occur after tumour resections as well as after aneurysmal subarachnoid haemorrhage. In the latter case it is the leading cause of morbidity and mortality for patients admitted to specialist neurosurgical units. 1, 2 Subarachnoid haemorrhage following tumour resection has also been well described although the literature on iatrogenic cerebral vasospasm is relatively sparse. A higher incidence of cerebral vasospasm has been correlated with increasing tumour size, total operative time, vessel encasement, vessel narrowing/compression and preoperative embolization. 3 The mainstay of treatment for patients who develop symptomatic cerebral vasospasm from either cause is hypertension, hypervolaemia and haemodilution (HHH therapy) and for those who do not respond endovascular treatment options should be considered. These have traditionally included intra-arterial vasodilators such as nimodipine or verapamil and balloon angioplasty. Recently, a case series of patients treated with stent-retrievers was published. 4 They showed good angiographic results and no complications. Here we present our case of post-craniopharyngioma resection cerebral vasospasm successfully treated with a stentretriever with pre and postoperative computed tomography (CT) perfusion imaging to demonstrate the improvement in flow. This is the first published case to demonstrate CT perfusion changes after the treatment of cerebral vasospasm with stent-retrievers.
A 28-year-old female patient with no past medical history underwent routine CT imaging of the head for chronic headaches, which had been gradually increasing in frequency over the last 12-18 months. She reported occasionally blurring of her vision and that she kept 'bumping into things' but no other neurological symptoms. The clinical examination revealed a temporal field defect and undiagnosed diabetes insipidus but no other clinical signs. A routine CT scan of the head demonstrated a large partially solid, partially cystic and part calcified mass in the suprasellar region (Figure 1(a) ). Magnetic resonance imaging (MRI) revealed the mass lesion to be partially enhancing (Figure 1(b) ) consistent with a likely craniopharyngioma. After a multidisciplinary team meeting and discussion with the patient, resection of the tumour was planned.
Using a right pteronial, subfrontal approach the tumour was partially resected. The tumour was dissected and resected through the interoptic space, the carotico-optic space and predominantly via the lamina terminalis. A small, anticipated amount of haemorrhage was noted during the operation and there was minimal spillage of tumour contents and no damage to the anterior circulation vessels. There were no intra-operative complications. The tumour was very adherent to the optic radiation, which limited the resection.
The patient was extubated without complication and there was no new neurological deficit initially. Postoperative MRI showed a considerable reduction in the volume of the tumour, with no evidence of infarction and haemorrhage in the Sylvian fissure on the right ( Figure 2 ). The patient was started on oral nimodipine (60 mg every 4 hours) because of the subarachnoid haemorrhage seen on the postoperative MRI scan. On postoperative day 6 the patient developed an acute left hemiparesis principally of the upper limb. An emergency CT and CT angiogram were performed, which revealed severe cerebral vasospasm on the right that involved the middle cerebral artery (MCA) and anterior cerebral artery (ACA). The patient underwent perfusion imaging which showed a large hypoxic region within the territory of the MCA but no definite infarct core. There was no definite established infarction on the On the coronal T1-weighted sequence (c) haemorrhage was seen in the Sylvian fissure in the right and this was believed to be the cause of delayed spasm in our case.
plain CT scan ( Figure 3 ). The systolic blood pressure was increased (>160 mmHg); however, this did not result in symptomatic improvement and therefore endovascular treatment was decided on.
Under full anaesthesia and using a right common femoral approach a 6 Fr guide catheter was tracked into the right internal carotid artery after full heparinisation with a 5000 IU bolus. Angiography revealed severe vasospasm of the M1 and proximal M2 branches as well as further spasm in the A1 segment with a prolonged transit time (Figure 4(a) ). A Prowler Select plus was carefully tracked into the M2 branch (angular artery) and a pREset 4 Â 20 mm (phenox, Bochum) was deployed in the M2 and M1 segment for 3 minutes. The stent was then recaptured and angiography demonstrated a significant improvement in the calibre of the M1 and M2 segments where the stent had been deployed (Figure 4(b) ). There was a concomitant improvement in the transit time. The calibre of the A1 segment also improved although the stent had not been deployed in this segment and intra-arterial vasodilators were not infused.
The patient woke and the hemiparesis had resolved. A CT perfusion scan performed 24 hours after the procedure revealed symmetrical perfusion and a CT angiogram performed 7 days ( Figure 5 ) after the procedure showed normal vessel calibre bilaterally. There was no evidence of established infarction on the MRI scan. The patient was discharged with no new neurological deficits. Figure 4 . Angiography of the right internal carotid artery revealed severe vasospasm of the right M1, A1 and M2 branches (a) with a prolonged transit time consistent with the findings of the computed tomography (CT) angiogram and CT perfusion study. Following stent deployment in the right M1 and M2 branches there was a significant improvement in the calibre of the vessels including the A1 segment (the stent was not deployed in the A1 segment and intra-arterial vasodilators were not infused) (b). 
Discussion
Krayenbu¨hl was the first to describe cerebral vasospasm after a craniotomy for tumour resection in two patients -one with a pituitary adenoma and another with a vestibular schwannoma. 5 Since then further reports have also been published although cerebral vasospasm remains a relatively uncommon complication after the resection of intracranial tumours. Bejjani et al. 3 published their series of 470 consecutive patients with cranial base tumours and they showed an incidence of postoperative spasm of only 1.9%. The typical interval between tumour resection and the onset of symptomatic vasospasm is remarkably similar to that of aneurysmal delayed vasospasm and occurs typically at days 7-8 postoperatively, 6 and it is not unreasonable to suspect a similar underlying mechanism is involved in the pathogenesis of the vasospasm in both these situations. This is similar in our case in which the patient developed cerebral spasm on day 6 postoperatively. The morbidity and mortality can be high in those patients who develop cerebral vasospasm, with almost 50% of patients having persistent neurological deficits and 30% mortality. 3, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] The high morbidity and mortality associated with cerebral vasospasm secondary to tumour resection means that clinicians involved in the management of these patients must be vigilant for any neurological decline that could be attributed to vasospasm. The spasm can occur early as in our case and therefore imaging should be considered earlier rather than later, especially as the early management of vasospasm has been associated with outcomes. 26 Multiple factors have been associated with the development of vasospasm following tumour resection and these are listed in Table 1 .
The initial management of patients with cerebral vasospasm involves HHH therapy (hypertension, hypervolaemia and haemodilution) although hypertension appears to be the most beneficial of these. [27] [28] [29] Those patients that fail to improve with these measures should be considered for more invasive treatment options that have classically consisted of intra-arterial vasodilators and/or balloon angioplasty. More recently the use of stent-retrievers to treat cerebral vasospasm secondary to subarachnoid haemorrhage was described. 4 Although a good angiographic response was seen the clinical outcome of the patients was not reported. In addition, advanced imaging techniques were not utilised to assess the physiological effects of the vasospasm or the treatment. Furthermore, in several of the cases intra-arterial nimodipine was also infused during the stent-plasty, which may have confounded the results. In our case we report not only an acute deterioration in the clinical status of the patient following the surgery but we also demonstrate the reduced perfusion within the territory of the vasospastic MCA. The stent deployment in our case lasted approximately 3 minutes as compared to 20 minutes, as was described in some of the previously published cases. 4 Interestingly, the calibre of the A1 segment also improved following the stent-plasty and Figure 5 . A computed tomography (CT) perfusion scan (a) performed 24 hours after the stent-plasty procedure showed symmetrical perfusion (the image degradation was secondary to patient movement during the acquisition). A CT angiogram performed 7 days poststent-plasty shows normal calibre to the M1 segment of the middle cerebral artery bilaterally. the exact mechanism of this is unknown; however, this was reported in the previous case series 4 (case 3) and in animal studies 30 and it is possible that this may be a flow-related phenomenon. In addition, no intra-arterial vasodilating compounds were injected during the procedure, which demonstrates that the vasodilatation and improved perfusion were secondary to the mechanical dilatation of the stent alone. The clinical symptoms of the patient resolved after the stent-plasty procedure and the CT perfusion scan was performed to confirm persistent symmetrical perfusion with longer-term persistent calibre change seen on the delayed CT angiogram performed 1 week postoperatively. These studies demonstrate the durability of the stent-plasty technique that avoids the need for repeat infusion of intra-arterial vasodilating compounds, which may otherwise be required in order to maintain vascular dilatation.
Conclusion
In this case we demonstrate that cerebral vasospasm can occur after tumour resection and that this should be excluded in patients with deteriorating neurology. This is the first case to demonstrate improvements in perfusion following stent-plasty treatment. 
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